Introduction
============

Osteosarcoma (OS) is the most common malignant bone tumor in adolescents and young adults, and is characterized by the proliferation of tumor cells producing osteoid or an immature bone matrix. Despite advances in multimodality treatments, consisting of aggressive adjuvant chemotherapy and wide local excision, pulmonary metastasis occurs in 60--80% of patients with OS and remains a major cause of fatal outcomes ([@b1-ol-06-04-1147]--[@b3-ol-06-04-1147]). OS shows a profound propensity for the involvement of the long bones of the appendicular skeleton, in particular, the distal femur and the proximal tibia and humerus. OS also tends to involve lesions of the metaphysis ([@b4-ol-06-04-1147],[@b5-ol-06-04-1147]). The proximal femur is involved in \~5% of all cases of OS ([@b5-ol-06-04-1147]).

Pathological fractures are present in 5--10% of patients with OS ([@b6-ol-06-04-1147]). Pathological fractures pose particular problems, as a fracture hematoma, which nearly always contains tumor cells, may either be intracapsular, thus contaminating the joint, or extracapsular, and is usually associated with widespread contamination of the surrounding tissues. When contamination is localized in the intracapsular space, an extracapsular wide resection is an adequate treatment ([@b7-ol-06-04-1147]). Extracapsular wide resections around the knee joint are common. However, extracapsular wide resections of the hip joint are uncommon due to the rarity of cases of OS in this location. The present study describes the case of a female who was diagnosed with OS of the proximal femur, with a pathological fracture. The patient underwent an extracapsular resection of the hip joint with subsequent reconstruction using a pasteurized autograft-prosthesis composite. The present study describes the clinical course of the patient and the novel surgical procedure that was used to manage the OS with a pathological fracture of the proximal femur. The study was conducted following a clinical research review by the ethics committee of Toyama University Hospital (Toyama, Japan). Informed consent was obtained from the patient, who was advised that the data from the case would be submitted for publication.

Case report
===========

Patient
-------

A 17-year-old female presented with a three-month history of left hip pain. Plain radiography revealed an osteolytic lesion with an osteosclerotic change to the femoral neck ([Fig. 1](#f1-ol-06-04-1147){ref-type="fig"}). A periosteal reaction was not observed. Computed tomography (CT) revealed an osteolytic lesion with an osteosclerotic change and a pathological fracture of the femoral neck ([Fig. 2](#f2-ol-06-04-1147){ref-type="fig"}). T2-weighted coronal magnetic resonance imaging (MRI) showed a heterogeneous bone tumor arising from the femoral neck and extending to the trochanteric site, which was hypointense compared with the bone ([Fig. 3A](#f3-ol-06-04-1147){ref-type="fig"}). Hyperintensity was observed in the capsule of the hip joint due to hemorrhage ([Fig. 3B](#f3-ol-06-04-1147){ref-type="fig"}). Chest radiography and CT revealed no evidence of lung metastasis. The initial differential diagnosis was of a benign bone tumor, including a solitary bone tumor, an aneurismal bone cyst or fibrous dysplasia. An open biopsy was performed. The results from the examination of the intraoperative frozen section were consistent with a fibrous benign tumor. Due to the presence of the pathological fracture, tumor curettage, hydroxyapatite (HA) granule (Apaceram^®^; Hoya Co., Tokyo, Japan) transplantation and internal fixation using a compression hip screw (CHS) system (Omega Plus T1; Stryker Japan Co., Tokyo, Japan) were performed to prevent displacement and avascular necrosis of the femoral neck ([Fig. 4](#f4-ol-06-04-1147){ref-type="fig"}). However, a histopathological study of the resected specimen revealed that the tissue contained atypical tumor cells and exhibited a formation of osteoid or immature bone matrix ([Fig. 5](#f5-ol-06-04-1147){ref-type="fig"}). Immunohistochemically, the majority of the tumor cells were strongly positive for vimentin and alkaline phosphatase (ALP). Based on these data, a histopathological diagnosis of conventional osteoblastic OS was made.

The patient was administered multiagent chemotherapy, including high-dose methotrexate (HD-MTX; 10 g/m^2^ day 1), cisplatin (CDDP; 120 mg/m^2^ day 1) and adriamycin (ADM; 30 mg/m^2^ day 2), according to the neoadjuvant chemotherapy for osteosarcoma (NECO) 95-J protocol ([@b8-ol-06-04-1147]). When the neoadjuvant chemotherapy was completed, the response to chemotherapy was evaluated using MRI, CT and plain radiography and a partial response was observed.

The patient subsequently underwent a wide resection and reconstruction using a pasteurized autograft-prosthesis composite, as described later in this study ([Fig. 6](#f6-ol-06-04-1147){ref-type="fig"}). The histopathological response to chemotherapy was grade IV according to the criteria of Rosen *et al*([@b9-ol-06-04-1147]). The patient was administered adjuvant chemotherapy, as above. No recurrence or metastases were identified during a follow-up period of three years. Radiography revealed a partial union of the medial junction of the distal femur after 1 year ([Fig. 6](#f6-ol-06-04-1147){ref-type="fig"}). The functional score, according to the study by Enneking *et al*([@b10-ol-06-04-1147]), was 92%. The patient showed a slight Trendelenburg gait due to disorder of the gluteus medius muscle.

Surgical technique
------------------

The patient was placed in a lateral position. A long posterolateral incision was made to contain the biopsy scar and all the potentially contaminated areas that were included in the scars from the drains. Contaminated areas, including the subcutaneous tissue, iliotibial band and vastus lateralis muscle, were resected and an adequate wide resection of the bone was performed. The distal femur was resected 5 cm away from the tip of the CHS plate. The pelvis was resected according to the rotational acetabular osteotomy (RAO) technique described previously ([@b11-ol-06-04-1147]). Briefly, the osteotomy was performed using a specially curved osteotome that was designed to approximately correspond to the circumferential curvature of the acetabulum. The line of the osteotomy followed the proximal side of attachment of the capsule to the pelvis. The osteotomy was carried out anteriorly and posteriorly around the circumference of the acetabulum, with the osteotome being allowed to follow its own curve. En bloc resection of the hip joint was performed without breaking the capsule ([Fig. 7](#f7-ol-06-04-1147){ref-type="fig"}). Pasteurization of the resected tissue was then performed ([@b12-ol-06-04-1147]). Briefly, the bone was heated in physiological saline at 65°C for 30 min following curettage of the tumor tissue and intramedullary reaming. The capsule of the hip joint was removed from the bone. The acetabular cartilage was removed from the pasteurized bone using curets and careful reaming, with an attempt to leave the subchondral bone of the acetabulum intact. The pasteurized acetabulum was fixed to the ilium, ischium and pubic bone using a SuperFIXSORB screw (Takiron Co., Osaka, Japan). For further reinforcement of the acetabulum, a Kerboull-type (KT) plate (Japan Medical Materials Corp., Osaka, Japan) was installed. Following the fixation of the graft to the host bone, the pasteurized acetabulum was resurfaced with a polyethylene cup that was cemented in place. The distal side of the pasteurized femur was fixed with wire. Conventional cemented total hip arthroplasty (THA; Stryker Japan, Co.) was performed using an Omnifit Cemented Long Stem. To prevent infection, the bone cement was mixed with antibiotics. Every 40 g of cement contained 1 g vancomycin hydrochloride and 400 mg amikacin sulfate.

Discussion
==========

In OS, the presence of a pathological fracture at the time of diagnosis (5--10% of all cases) is associated with a poor outcome ([@b13-ol-06-04-1147]). This may be due to fact that the fracture causes a local hematoma, which facilitates the dissemination of the tumor. Therefore, the presence of a pathological fracture has been considered a contraindication for limb salvage and an indication for an immediate amputation ([@b14-ol-06-04-1147]). However, studies have suggested that limb salvage surgery for a pathological fracture, if combined with adjuvant chemotherapy, does not increase the risk of local recurrence ([@b15-ol-06-04-1147]) and does not decrease overall survival compared with amputation ([@b16-ol-06-04-1147]). In the present study, a pathological femoral neck fracture was recognized and dissemination was limited to the space within the capsule.

In the present study, a periosteal reaction, which is a characteristic finding in OS, was not recognized at the time of the initial consultation, as the main lesion was located in the intra-articular area and not in the periosteum. Furthermore, the imaging findings were consistent with a differential diagnosis of a benign bone tumor, including a solitary bone cyst and fibrous dysplasia. The examination of the intraoperative frozen section showed features of a fibrous benign tumor, probably due to crush artifacts. Therefore, tumor curettage, HA transplantation and osteosynthesis by CHS were performed during the first surgery. This scenario illustrates the limitations of the initial diagnostic measures. However, even when a diagnosis of OS is made at the first surgery, osteosynthesis using a screw may be required to prevent displacement.

In the present case, a resection of the extra-articular hip joint, femoral neck and pubic rami, i.e., a type II resection according to the principles outlined by Enneking *et al*([@b17-ol-06-04-1147]) and Bickels and Malawer ([@b18-ol-06-04-1147]), was adequate. Although several methods for reconstruction following resection have been reported, including pelvic prosthesis arthroplasty ([@b19-ol-06-04-1147]--[@b21-ol-06-04-1147]), allograft reconstruction (with or without a total hip prosthesis) ([@b22-ol-06-04-1147]--[@b25-ol-06-04-1147]), arthrodesis and pseudarthrosis, a 'gold standard' has yet to be established due to poor post-operative function and high complication rates. Regardless of the methods that are used, infection and dislocation are common post-operative complications. Infection rates range from 18--33% in saddle prosthesis arthroplasty ([@b19-ol-06-04-1147]--[@b21-ol-06-04-1147]) and 8--60% in allograft reconstruction (with or without a total hip prosthesis) ([@b22-ol-06-04-1147]--[@b25-ol-06-04-1147]).

Pasteurization is a method of autograft recycling in which extracorporeal heating of the tumor-bearing bone segment is followed by its reimplantation ([@b26-ol-06-04-1147],[@b27-ol-06-04-1147]). This strategy is a well-established method of reconstruction in certain countries, particularly in Asia and Africa. It is a simple, easily accessible and economical alternative to the usual reconstructive modalities, with comparable and acceptable functional outcomes and complication rates, in addition to its social and religious acceptance in these countries ([@b26-ol-06-04-1147],[@b27-ol-06-04-1147]). However, a variety of complications associated with pasteurized autografts have been described, including graft fracture, collapse, infection, delayed or non-union of the junction and mechanical implant failure ([@b28-ol-06-04-1147],[@b29-ol-06-04-1147]). Although the present patient had a favorable clinical course, longer term follow-up is necessary.
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![Radiographic observations at the time of the initial consultation showing an osteolytic lesion with an osteosclerotic change to the femoral neck (arrows).](OL-06-04-1147-g00){#f1-ol-06-04-1147}

![Computed tomography (CT) observations at the time of the initial consultation showing discontinuity of the cortical bone at the medial side of femoral neck (arrow). A periosteal reaction is not shown..](OL-06-04-1147-g01){#f2-ol-06-04-1147}

![Magnetic resonance imaging (MRI) observations. (A) T2-weighted coronal imaging and (B) T2-weighted axial imaging. MRI showing a heterogeneous tumor arising from the femoral neck and extending to the trochanteric site, which is hypointense compared with the bone (arrow). In the capsule of the hip joint, a high intensity area is apparent (arrow).](OL-06-04-1147-g02){#f3-ol-06-04-1147}

![Radiographic observations following the first surgery. The tumor has been curettaged and hydroxyapatite (HA) granules have been transplanted (arrows).](OL-06-04-1147-g03){#f4-ol-06-04-1147}

![Histological appearance of the open biopsy specimen. Spindle-shaped tumor cells with atypical nuclei have proliferated with the formation of osteoid or immature bone matrix (hematoxylin and eosin staining; scale bar, 100 μm).](OL-06-04-1147-g04){#f5-ol-06-04-1147}

![Radiographic observations following the second surgery. (A) Acetabular side and (B) femoral side. The acetabular side has been reconstructed using the pasteurized bone, a Kerboull-type (KT) plate and an acetabular cup with bone cement. The femoral side has been reconstructed using the long stem with bone cement.](OL-06-04-1147-g05){#f6-ol-06-04-1147}

![Gross appearance of the surgical specimen. The acetabulum and proximal femur have been resected en bloc without breaking the joint capsule.](OL-06-04-1147-g06){#f7-ol-06-04-1147}
